Modified milkfats were produced via interesterification (acidolysis) reactions of butteroil and conjugated linoleic acid (CLA) in a packed bed reactor containing an immobilized lipase preparation from Candida antarctica. The rate expression for the interesterification reaction is of the generalized Michaelis-Menten form. Significant enrichment of butteroil in CLA residues was accomplished at reactor space times (fluid residence times) of 2-4 h at 40-60 • C, but the optimum operating temperature was ca. 50 • C. Approximately 80-90% of the free CLA fed to the reactor can be converted to its esterified form.
Introduction
Conjugated linoleic acid (CLA) is a polyunsaturated fatty acid which is of considerable interest to food manufacturers because of its potential for use in the formulation of nutraceuticals. As commonly employed, the term CLA refers to a mixture of isomers of linoleic acid containing conjugated double bonds in the 9 and 11, 10 and 12, or 11 and 13 positions. The results of animal feeding studies indicate that CLA possesses both anti-carcinogenic and anti-atherogenic activities. The richest natural sources of CLA are animal fats, especially milkfat and meat from ruminant animals (Chin et al. 1992) .
The anti-carcinogenic effects of CLA were first reported by Ha et al. (1987) . In addition to offering protection against certain forms of cancer, CLA isomers have been associated with decreased risk of atherosclerosis in rabbits (Lee et al. 1994 ) and enhancements in feed utilization in rats (Chin et al. 1994) . Although Ip et al. (1994) suggested that consumption of 3.5 g CLA/day for a 70 kg person is sufficient to obtain a protective effect, results of human dietary studies will be required to definitively establish an appropriate consumption level for humans.
A particularly appealing vehicle for addition of CLA to human diets is milkfat (perhaps in the form of butteroil) because of the wide variety of foods in which this material can easily be incorporated. Balcão & Malcata (1998) have recently reviewed the literature dealing with enzyme-mediated modification of butteroil. Oba & Witholt (1994) have interesterified milkfat with oleic acid using an immobilized Rhizopus arrhizus lipase preparation suspended in isooctane. This product had a lower melting profile than the original milkfat. Balcão et al. (1998) employed an immobilized lipase from Mucor circinelloides to interesterify butteroil with oleic acid with the goal of forming a product that would find application as a nutraceutical. They reported that the resulting milkfat triacylglycerols contained an enhanced level of oleic acid residues at the expense of reductions in the residues of myristic, palmitic and stearic acids.
The purpose of the present work is to develop a technique for continuous production of a modified milkfat enriched in CLA residues. The approach is based on an acidolysis reaction conducted in a tubular reactor packed with an immobilized lipase from Candida antarctica. The work described below represents an extension of earlier batch reactor studies involving both the interesterification (acidolysis) of butteroil with CLA (Garcia et al. 1998a ) and the polyesterification reactions of CLA and glycerol (Arcos et al. 1998) . 
Experimental methods

Materials
Apparatus
The reactor consisted of a Delrin tube which was 10 cm long and 1.13 cm in internal diameter. The end fittings were also constructed of Delrin. To obtain temperature control, the reactor was contained inside a jacket connected to flow loop containing a water circulator and a constant temperature bath. The internal volume of the tube was 10 ml. When the tube was packed with 3.26 g immobilized lipase preparation, the void volume was 7.34 ml.
The substrate mixture was fed by a syringe pump at rates that produced space times ranging from 10 min to 12 h. (For a liquid phase system the reactor space time is equal to the residence time of the fluid in the reactor (Hill 1977) .)
Procedure
Immediately prior to initiating the experiments in the flow reactor, a mixture of the substrates was prepared. The first series of experiments was designed to characterize the kinetics of the interesterification reaction at temperatures from 40 to 60 • C and a ratio of butteroil to CLA of 10:1 (w/w). A second series of experiments employed different ratios of butteroil to CLA to investigate the effect of feed composition on reactor performance. Each experiment was initiated by feeding the substrate mixture of interest to the reactor packed with the immobilized enzyme. At each new setting of the feed pump, a volume of the substrate mixture equal to at least 1.5 times the reactor void volume was allowed to pass through the reactor before a sample was taken. That is, after start-up of the reactor, a time on the clock equal to at least 1.5 space times was allowed to elapse before effluent samples were taken for use in the analysis of the reaction kinetics. Thus, the experimental points correspond to quasi steady state values of the effluent composition.
Analyses
The samples of the effluent were analyzed by gas chromatography to determine both free fatty acids and the esterified forms thereof (Chin et al. 1992) . The analytical procedure involves parallel selective methylation of duplicate samples, one with NaOH-methanol and the other with HCl-methanol. Subsequent gas chromatographic analyses of the products of the basic and acidic methylation reactions give values for the free and esterified forms of the various fatty acids, respectively (Williams et al. 1995) . Sample handling and preparation were based on a protocol reported previously (Garcia et al. 1998a) .
Results and discussion
A butteroil fraction that remains liquid at room temperature was selected as the form of milkfat to be reacted with CLA in order to facilitate handling of the feedstock. Use of this material has the additional advantage that it permits one to employ a wider range of temperatures in the studies of the reaction kinetics than would otherwise be possible. This material has previously been used by Garcia et al. (1998b) to prepare lipolyzed butteroils in a hollow fiber reactor containing an immobilized lipase.
The manner in which the extent of incorporation of CLA into the triacylglcerols of butteroil depends on the reactor space time and temperature is depicted in Figure 1 .
Relatively short space times (0.5-2 h) are sufficient to obtain an effluent in which the triacylglycerols contain very significant amounts of CLA residues. As the length of time the mixture of substrates is in contact with the immobilized enzyme increases, the extents of incorporation appear to approach asymptotic limits that are temperature dependent. Furthermore, close scrutiny of the data for the space times of greatest
